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(57) Abstract 

A chemical deposition reactor capable of switching rapidly from one process gas to another and method of forming a thin film 
using the same. The reactor of the present invention comprises: a reactor cover, having an inlet and an outlet, for keeping 
reactant gases from other part of the reactor where the pressure is lower than inside of the reactor; a gas flow control plate, 
fixed onto the reactor cover, for controlling the gas flow through inlet and outlet by the spacing between itsetf and the reacjor 
cover; and a substrate supporting plate for confining a reaction cell with the reactor cover. The method of the present invention 
can be accomplished using the above reactor. In the method, process gases including a deposition gas, a reactant gas and a purge 
gas are sequentially and repeatedly supplied in the reactor to form a thin film on a substrate. A RF (Radio Frequency) plasma 
power is applied to a plasma electrode of the reactor synchronised with the supply of at least one among the process gases. 

(57) Abrege 

Cette invention se apporte a un reacteur de depot chimique, qui permet de passer rapidement d'un gaz de traitement a un autre, 
et a un proc6d6 de formation d'un film mince a I'aide de ce reacteur. Ce reacteur comprend: un couvercle de r6acteur, posseclant 
une entree et une sortie et servant a contenir les gaz reactifs provenant des autres parties du reacteur ou la pression est 
inferieure a celle regnant a Tinterieur du r6acteur; une plaque de regulation d'ecoulement de gaz, fixSe sur le couvercle du 
reacteur et servant a reguler I'ecoulement du gaz traversant I'entree et la sortie grace a I'espacement entre la plaque elle-meme 
et le couvercle du reacteur; et une plaque de support de substrat servant a confiner une cellule de reaction sous le couvercle du 
reacteur. On peut executer le procede faisant I'objet de cette invention en utilisant ledit reacteur. Dans ce procede, des gaz de 
traitement tels qu'un gaz de depot, un gaz reactif et un gaz de purge sont introduits sequentiellement et de facon repetee dans 
le reacteur, afin de former un film mince sur un substrat. Un courant de plasma RF (radio frequence) est applique a une Electrode 
de plasma du reacteur en synchronisme avec Introduction d'au moins run desdits gaz de traitement 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
28 December 2000 (28.12.2000) 




PCT 



iiBiuniiuiiiiiiiiiiiiiiiiin 

(10) International Publication Number 

WO 00/79576 Al 



(51) International Patent Classification 7 : H01 L 21/205 

(21) International Application Number: PCT/KROQ/00642 

(22) International Piling Date: 19 June 2000 (1 9.06.2000) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

1999/23078 



English 



19 June 1999 (19.06.1999) KR 

(71) Applicant (for all designated States except US): GEN- 
IT ECU, INC. [KR/KRJ; 1694-5 Sinil-dong, Taedok-ku, 
Taejon 306-230 (KR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LEE, Chun-Soo 

[KR/KR]; 109-202 Hanbit Apt, 99 Uheun-dong. Yu- 
song-gu, Taejon 305-333 (KR). RANG, Won-Gu 
[KR/KR1; 118-908 Hanbit Apt, 99 Uheun-dong, 



Yusong-gu, Taejon 305-333 (KR). LEE, Kyu-Hoag 
[KR/KR]; 105-606 Hanul Apt., 160-1 Shinsung-dong. 
Yusong-gu, Taejon 305-345 (KR). YL Kyoung-Soo 
[KR/KR]; 118-1506 Hanbit Apt., 99 Ubeun-dong. Yu- 
song-gu, Taejon 305-333 (KR). 



Kotean < 74 > A * eBt: mm * Jta -Seok; J.S. Hub Patent Office. 206 
Sungji Building, 1338-22 Seocho-dong. Seocho-ku, Seoul 
137-070 (KR). 



(81) Designated States (national): JP. US. 

(84) Designated States (regional): European patent (AT, BE, 
CH. CY, DE. DK, ES, FT, FR, GB, GR, IE, IT, LU. MC. 
NL, FT, SB). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations "appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: CHEMICAL DEPOSITION REACTOR AND METHOD OF FORMING A THIN FILM USING THE SAME 



130 130 
\ 100 110 120 140 \ 



180 




180 



SO 



(57) Abstract: A chemical deposition reactor capable of switching rapidly from one process gas to another and method of forming 
a thin film using the same. The reactor of the present invention comprises: a reactor cover, having on inlet and an outlet, fox keeping 
reactant gases from other part of the reactor where the pressure is lower than inside of the reactor, a gas flow control plate, fixed 
onto the reactor cover, for controlling the gas flow through inlet and outlet by the spacing between itself and the reactor cover; 
and a substrate supporting plale for confining a reaction cell with the reactor cover. The method of the present invention can be 
accomplished using the above reactor. In the method, process gases including a deposition gas, a reactant gas and a purge gas are 
sequentially and repeatedly supplied in the reactor to form a thin film on a substrate. A RF (Radio Frequency) plasma power is 
applied to a plasma electrode of the reactor synchronised with toe supply of at least one among the process gases. 
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5 

CHEMICAL DEPOSITION REACTOR AND 
METHOD OF FORMING A THIN FILM USING THE SAME 



15 



10 TECHNICAL FIELD 

5 The present invention relates to a chemical deposition reactor used in a 

chemical deposition apparatus where reactant materials are supplied discontinuously 
or sequentially so that the reactant materials are not mixed in gas phases, and more 
particularly, to a chemical deposition reactor capable of switching rapidly from one 
process gas to another. The present invention also relates to a method of forming a 
10 thin film for use in semiconductor or fiat display devices using the above reactor. , 

20 

BACKGROUND ART 

In the manufacture of semiconductor devices, efforts for improving 
apparatuses and processes have been continued in order to form a high quality thin 

25 

15 film on a substrate. Recently, processes for forming a thin film using surface reaction 
of a semiconductor substrate were proposed. In the processes, thin films arc formed 
by following three methods: Reactant materials are discontinuously supplied to the 
30 substrate; a type of thin film is formed by an atomic layer deposition; or reactant 

materials are sequentially supplied one by one to the substrate. According to the 
20 above methods, a film having uniform thickness can be obtained on the whole 
substrate regardless of the surface roughness of a substrate and impurities in the film 
35 can be reduced, resulting in a high quality film. 

However, because reactors used in conventional chemical deposition 
apparatuses are designed to form a thin film using a process where reactant materials 
40 25 are simultaneously supplied into the reactors, the reactors are not optimal for the 

above three methods. 

In a reactor where chemical deposition materials are supplied over a 
semiconductor substrate, reactant gases usually flow downward over the 
45 semiconductor substrate. In this case, a shower head is usually disposed between a 

30 reactant gas inlet and the substrate for the uniform flow of the reactant gas over the 
substrate. However, such a configuration makes the gas flow complex and requires a 
large size reactor, making rapid switching of reactant gases difficult. Accordingly, the 

50 
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conventional reactor employing a shower head is inadequate for the process where 
reactant gases are sequentially supplied to the reactor. 

On the other hand, in the manufacture of semiconductor or flat display 
devices, high quality thin films are required. Such thin films may include metal films, 
5 insulator films such as metal oxide films, metal nitride films and etc., films for 
capacitors, interconnects and electrodes, inorganic films used for diffusion prevention, 
and etc. 

These thin films may be formed by a physical vapor deposition, for example 
a sputtering process. The sputtering process, however, forms thin films with poor step 
10 coverage, so a chemical vapor deposition method is usually employed to improve the 
step coverage. 

One of the most common chemical vapor depositions of the prior art is 
carried out by an apparatus as shown in FIG. 1 A. Referring to FIG. I A, process gases 
or other reactants 1 1, 12, 13 are supplied into a reactor 1, respectively, through mass 

15 flow controllers 21, 22. 23 and valves 30, 31, 32. In this case, a shower head 4 is 
utilized to obtain uniform flow 5 of the process gases. When a source material is 
liquid or solid having low equilibrium vapor pressures, a vaporizer 16 is also 
employed that can heat the source material in a suitable temperature to vaporize and 
can supply the vaporized source material into the reactor 1 with the carrier gas 13. 

20 When the vaporizer is employed, the initial portion of the source material carried by 
the carrier gas 13 is exhausted via a bypass valve 33 and an outlet tube 18 due to the 
fluctuation of flow rate and source material concentration. Then, the bypass valve 33 
is shut off and a valve 32 connected to a central supplying tube 17 is opened to supply 
the carrier gas into the reactor 1. 

25 The chemical vapor deposition of the prior art performed in this apparatus 

has the following features: At first, all process gases 11, 12, 13 required for the 
deposition are supplied into the reactor 1 at the same time so that the film is 
continuously deposited during the process times IT, 12', 13' as in an example shown 
in FIG. IB. At second, the shower head 4 is usually employed to make uniform flow 

30 5 of the process gases on the surface of a substrate. 

This method has the following disadvantages: At first, since all process gases 
exist within the reactor at the same time, the process gases may react in gas phase 
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thereby can deteriorate step coverage of the deposited film and/or produce particles 
which contaminate the reactor. At second, when using a metal-organic compound as a 
source material, it is difficult to deposit the film that does not contain carbon 
impurities. At third, in the case of depositing a multi-component film, all the reactant 

5 materials must react simultaneously while the supply of each reactant material is 
controlled separately by mass flow of the carrier gas, so it is very difficult to control 
the composition of the deposited film precisely. 

To overcome the foregoing problems, a method is proposed in which the 
process gases are supplied separately as time^divisional pulses rather than supplied 

10 continuously. 

An example of supplying process gases in this deposition method is shown 
in FIG. 2A. Valves in a gas introducing part can be opened or closed so that the 
process gases can be supplied cyclically as time-divisional pulses into the reactor 
without being mixed with each other. 

15 Referring to FIG. 2A, it can be seen that the process gases 11, 12, 13 in FIG. 

1A are supplied in a cycle T cyc ie of 13', 12', 13' and 12'. A film can be deposited by 
repeating this cycle. In general, purge gas 12 is supplied between the supply pulses of 
the reactants 1 1 and 13 so that the remaining reactants are removed from the reactor 
before the next reactant is supplied. 

20 Hereinafter, a time-divisional deposition mechanism will be described. 

Chemical adsorption temperatures of the reactants onto the substrate are generally 
lower than thermal decomposition temperatures of the reactants. Therefore, when a 
deposition temperature is maintained higher than the chemical adsorption temperature 
of the reactant onto the substrate and lower than the thermal decomposition 

25 temperature of the reactant, the reactant supplied into the reactor only adsorbs 
chemically onto the surface of the substrate rather than decomposes. Then, the 
remaining reactant is exhausted out of the reactor by the purge gas supplied into the 
reactor. After that, another reactant is introduced into the reactor to react with the 
reactant adsorbed on the surface, and thus form a film. Because the reactant adsorbed 

30 on the substrate cannot form more than one molecular layer, film thickness formed in 
one supply cycle Tcycie w constant regardless of amount or time of the supplied 
reactants. Therefore, as shown in FIG. 2B, the deposited film thickness is saturated as 
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the supplying time elapses. In this case, the deposited film thickness is controlled 

only by the number of the repeated supply cycles. 

In the other hand, when the deposition process temperature is no lower than 

the thermal decomposition temperature of the reactants, the deposited film thickness 
S is proportional to the supply time of the reactants in the supply cycle because the 

reactants introduced into the reactor decompose continuously to form films on the 

substrate. In this case, deposited film thickness according to the supply time of the 

reactants is shown in FIG. 2C. 

However, the foregoing time-divisional deposition has problems as follows: 
10 At first, the reactants used in the deposition process must react readily. 

Otherwise it is difficult to form a film by time-divisional deposition. In this case, a 

method is required that facilitate the chemical reaction even at low temperatures. 

At second, the exhausting part of the apparatus may be contaminated with 

particles due to the reactions between the reactants. The gas-introducing part and the 
15 reactor may not be contaminated with the particles due to the reactions of the 

reactants because the reactants are separated by the purge gas. In the other hand, the 

exhausting part may be easily contaminated with particles because the reactants mix 

and react with each other at exhaust. 

At third, it is required to supply inert purge gas between the reactant supply 
20 pulses to prevent gas-phase reactions in the gas-introducing part and the reactor, so 

the gas- supply cycle is complex, the time for a supply cycle is longer than absolutely 

necessary, and thus the deposition is slow. 

A method is disclosed in the US Patent No. 5,916,365 in which a film is 

formed by repeating a gas-supply cycle, i.e., supplying first reactant gas into a reactor, 
25 exhausting remaining reactant gas within the reactor by a vacuum pump, supplying 

second reactant gas which is activated by passing through a radical generator using an 

RF power or other means, and exhausting remaining reactant gas by the vacuum 

pump. 

The exhaust rate of the vacuum pump decreases as the pressure decreases, so 
30 it takes long time to exhaust the remaining reactant gases from the reactor with the 
vacuum pump. Therefore, in this method, it is difficult to have high growth rate of the 
film per unit time when it desired to exhaust the remaining reactant gases completely. 



WO 00/79576 



PCI7KR00/00642 



When the exhausting time is too short, the reactant gases remain in the reactor so that 
the two reactant gases mix and react in gas phase. Furthermore, in the method of the 
US Patent No. 5,916,365, it is difficult to maintain stable plasma in the reactor 
because the supply and exhaust of the reactant gases cause wide pressure variation in 
5 the reactor. 

DISCLOSURE OF INVENTION 

Therefore, it is an object of the present invention to provide a reactor which 
can switch gas supply rapidly from one process gas to another and reduce the 
10 footprint of a chemical deposition apparatus into which reactant gases are 
discontinuously or sequentially supplied. 

It is another object of the present invention to provide a reactor which makes 
the maintenance of a chemical deposition apparatus easier by minimizing areas 
exposed to reactant gases and reducing cleaning requirement 
15 It is a further object of the present invention to provide a reactor capable of 

preventing formation of a film on a circumference of semiconductor substrate. 

It is a further object of the present invention to provide a reactor employing a 
plasma generator for cleaning the reactor and activating reactant gases. 

It is a further object of the present invention to provide a method which can 
20 form a thin film effectively even if rcactants do not react readily in a time-divisional 
source supply chemical vapor deposition method 

It is a further of the present invention to provide a method which can 
minimize supply time of a purge gas in a gas-supplying cycle to reduce cycle time in 
a time-divisional source supply chemical vapor deposition. 
25 It is a further of the present invention to provide a method which can reduce 

panicle containination of the apparatus at the exhausting part of an apparatus for 
time-divisional source supply chemical vapor deposition. 

In order to realize those foregoing objects related to the reactor, the present 
invention provides a reactor comprising: a reactor cover, having an inlet and an outlet 
30 for reactant gases, for keeping the reactant gases from other part of the reactor where 
the pressure is lower than inside of the reactor: a gas flow control plate having a 
projecting portion, with the projecting portion fixed onto the reactor cover, for 
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controlling the gas flow through inlet and outlet by the spacing between itself and the 
reactor cover; and a substrate supporting plate contacting with the reactor cover in 
order to confine a reaction cell with the reactor cover. 
10 The reactor of the present invention may further comprise a 

5 leakage-preventing gas passage, disposed along the contact portion between the 
reactor cover and the substrate supporting plate, for preventing leakage of reactant 
gases from the reaction cell. 

Preferably, the opposing surfaces of the gas flow control plate and the 
reactor cover are substantially parallel with each other except for the projecting 
10 portion. 

20 In addition, the reactor cover may further comprise protrusion means 

covering the circumference of the substrate so that the reactant gases may not contact 
with the circumference of the substrate, preventing the film formation thereon. 

In order to activate reactant gases in the reaction cell, a plasma electrode is 

25 

15 preferably disposed on the reactor cover or on the gas flow control plate 

In order to realize those foregoing objects related to the thin film forming 
method, the present invention provides a method used for a chemical vapor 
30 deposition in which source gases for forming a thin film are supplied into a reactor in 

a time-divisional manner so that they may not be mixed with each other in the reactor. 
20 In the method of the invention, the process gases are activated into plasma to 
facilitate the film formation, wherein plasma is generated synchronously with gas 
25 supply cycle. 

For more clear description, process gases are classified as three kinds: 
At first, the process gas that thermally decomposes to form a solid film is 
40 25 called a deposition gas. The deposition gas includes, for example, titanium-organic 

compound used for chemical vapor deposition for forming a TiN film. 

At second, the process gas that does not decompose by itself or does not 
form a solid film upon self-decomposition, however, forms a solid film when reacts 
45 with a deposition gas is called a reactant gas. The reactant gas includes, for example, 

30 ammonia used in a chemical vapor deposition process for forming a nitride film, and 
oxygen gas used in a chemical vapor deposition process for forming a oxide film. 

At third, the other inert process gas that is supplied between the supplies of 
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the deposition gas and the reactant gas to separate the deposition gas and the reactant 
gas is called a purge gas. In general, helium, argon, nitrogen gas and etc. are used for 
a purge gas. Those gases contain the constituent element of the film may also used for 
a purge gases if they do not react with a deposition gas. In this case, the purge gas can 
5 be used for a reactant gas when activated by plasma 

Therefore, one of the most evident features of the present invention, in a 
chemical vapor deposition which forms a film on a substrate by supplying process 
gases which include a deposition gas, a reactant gas, and a purge gas into a reactor by 
repeating cycles of time-divisional gas supply, is to provide a method of generating 
10 plasma on the substrate synchronously with the supply cycles to activate at least one 
of the process gases. In this case, the plasma is generated synchronously with the 
supply cycle of the reactant gas. 

Also, when a purge gas contains constituent elements of a film material and 
a reactant gas contains the other constituent elements of the film material and the 
15 purge gas does not substantially react with the reactant gas, plasma may be preferably 
generated synchronously during the supply cycle of the purge gas. 

In the other hand, a film is deposited by alternate supply of only a deposition 
gas and a purge gas without any reactant gas into a reactor. In this case, the purge gas 
preferably contains constituent elements of a film material and does not react 
20 substantially react with the deposition gas if not activated; wherein plasma is 
preferably generated synchronously at least in part during the supply cycle of the 
purge gas to facilitate the reaction of the purge gas with the deposition gas. 

The films deposited by above methods may be heat-treated after the 
deposition. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1A and FIG. IB are drawings showing an apparatus for a chemical 
vapor deposition and a method of supplying reactant gases employed in a film 
deposition process of the prior art; 
30 FIG. 2A to FIG. 2C are graphs showing a deposition process of the prior art 

which supply reactant gases in a time-divisional manner; 

FIG. 3 is a cross sectional view of a chemical deposition reactor according to 
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a first embodiment of the present invention; 

FIG. 4 shows a gas flow control plate used for the reactor according to the 
embodiment of the present invention; 
^ FIG. 5 is a cross sectional view of a chemical deposition reactor according to 

5 a second embodiment of the present invention; 

FIG. 6 is a cross sectional view of a chemical deposition reactor according to 
a third embodiment of the present invention; and 
15 FIG. 7 A and FIG. 7B are drawings showing methods of supplying reactant 

gases employed in a film deposition process of the present invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 

Preferred embodiments of the present invention will be described hereinafter 
in reference to the appended drawings: 

FIG. 3 is a cross sectional view of a chemical deposition reactor according to 
25 15 a first embodiment of the present invention. Referring to FIG. 3, a reactor cover 100 

has an inlet 1 1 0 and an outlet 1 20 for process gases. The circumference of the reactor 
cover 100 is surrounded by a cover heater 130. 

A gas flow control plate 140 having a projecting portion is fixed onto the 

30 

lower surface of the reactor cover 100, controlling the gas flows (indicated by arrows) 
20 passed through the inlet 110 and outlet 120 by the spacing between the gas flow 
control plate 140 and the reactor cover 100. The spacing can be determined arbitrarily. 
35 On the other hand, a semiconductor substrate 150 on which a chemically deposited 

film to be formed is loaded on a substrate supporting plate 160. The temperature of 
the substrate 150 is controlled by a supporting plate heater 170 disposed under the 
25 substrate supporting plate 160. In this case, it is desirable to keep the reactant gases 
40 f rom leaking to other part of the reactor where the pressure is lower than inside of the 

reactor. On this purpose, an inert gas may be introduced along the contact portion 
between the reactor cover 100 and the substrate supporting plate 160. Accordingly, 
45 tne reactor cover 100 has a groove along its circumference to be used as a 

30 leakage-preventing gas passage 180. The gas flow control plate 140 controls the flow 
of process gas introduced into the reactor in order to facilitate gas exhaust without 
undesirable residual gas within the reactor. 

50 
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FIG. 4 shows a gas flow control plate used for the reactor according to the 
embodiment of the present invention. According to the operation of such a gas flow 
control plate, the process gases introduced through a gas inlet are uniformly diffused 
in the reactor and then flow horizontally in a small space between the gas flow 
5 control plate and the semiconductor substrate, exiting via gas outlet. By using the gas 
flow control plate, process gases flow horizontally over the semiconductor substrate 
and gas supply from one process gas to another can be rapidly switched because the 
interior volume of the reactor is small. 

FIG. 5 is a cross sectional view of a chemical deposition reactor according to 
10 a second embodiment of the present invention. 

Hereinafter, same reference numbers designate the same elements of FIG. 3 
and repeated description will be omitted for brevity. 

According to the second embodiment of the present invention, the inner 
diameter of the reactor cover is larger than that of semiconductor substrate at their 
15 contact portion so that the reactor cover may cover the circumference of the 
semiconductor substrate. That is, a protrusion 190 disposed under the reactor cover 
prevents reactant gases from contacting with the circumference of the substrate, and 
no film is formed thereon. 

FIG. 6 is a cross sectional view of a chemical deposition reactor according to 
20 a third embodiment of the present invention. Referring to FIG. 6, a plasma electrode 
200, opposite to the semiconductor substrate 150, is installed in the gas flow control 
plate 140, generating plasmas to clean the inside of the reactor as well as to activate 
reactant gases to facilitate film formation. 

Herein above the invention has been described in reference to the preferred 
25 embodiments, but various other modifications and variations will be apparent to those 
skilled in the art without departing from the scope and spirit of the present invention. 

Therefore, the reactor cover and the gas flow control plate may be 
constructed as one body unlike the above embodiment where the gas flow control 
plate is attached to the reactor cover, In addition, the plasma electrode may be 
30 installed in the reactor cover. 

Next, method of forming thin films for use in semiconductor or flat display 
devices by using the above reactor of the present invention will be described. 
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A first embodiment of the present invention method which is carried out 
according to FIG. 7 A and FIG. 7B using the reactor of the present invention is as 
follows. 

FIG. 7A is a graph showing that the process gases are supplied into the 

5 reactor in the supply cycle of deposition gas 13', purge gas 12', reactant gas 11' and 
purge gas 12'. At first, the deposition gas 13' is supplied into the reactor to be 
adsorbed to the substrate, and then the purge gas 12 is supplied to remove the 
remaining deposition gas from the reactor. Then, the reactant gas 11' is supplied into 
the reactor and at the same time the switch 310 is closed to activate the reactant gas 

10 IT with plasma, and thus facilitate chemical reaction with the deposition gas 13' 
adsorbed onto the substrate. When supply of the reactant gas is interrupted, the switch 
310 is opened to stop plasma generation and the purge gas 12' is introduced to remove 
the remaining reactant gas. In this method, the film can be formed even if the reaction 
between the deposition gas 13* and reactant gas 1 1 is weak because the reactant gas 

15 1 1 is activated with plasma. 

For example, when a metal-organic compound is used as chemical vapor 
deposition source, plasma-activated reactant gas may accelerate decomposition of the 
metal-organic compound and reduce carbon contamination of the film. Also, the 
activation energy applied to the film by the plasma may enhance crystallization, 

20 physical characteristics and electrical characteristics of the film. 

As a detailed example of this process, a copper compound may be reduced to 
form a metallic copper film. In the temperature no higher than thermal decomposition 
temperature of the deposition gas, chemical -reaction between the deposition gas and 
hydrogen gas, i.e. the reactant gas, does not take place and thus a metallic copper film 

25 cannot be formed. Therefore, a plasma electrode as described in the reactor of the 
present invention is installed, and plasma is generated as hydrogen gas is supplied 
into the reactor so that chemical reaction between the hydrogen gas and the copper 
source adsorbed to the substrate surface may be accelerated and thus form a metallic 
copper film. If the plasma generator is powered on while supplying the deposition gas, 

30 the copper source may decompose in gas phase so that particle contamination or poor 
step coverage may take place. Therefore, it is advantageous to synchronize RF power 
applied to the plasma generator with the supply cycle in such a manner that the 
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plasma generator is powered off when the deposition gas is supplied and on only 
when the reactant gas is supplied. 

According to second embodiment of the present invention, a gas mat may 
undergo a very weak chemical reaction with the deposition gas, if any, may be 

5 employed as a reactant gas or a purge gas, in condition that this gas contains 
constituent elements of the film. A gas supplying method like this is shown in FIG. 
7B. In this method, the deposition gas 13' is primarily adsorbed to the substrate, the 
remaining deposition gas is removed by the purge gas 12* which undergoes almost no 
chemical reaction with the deposition gas, if any, but may include constituent 

10 elements of the film, and then the plasma generator is powered on to transform the 
purge gas 12' into the reactant gas 15'. This reactant gas 15' can form a film by 
reacting with the deposition gas absorbed to the substrate. Then, after the plasma 
generator is powered off to stop the reaction, the deposition gas 13' can be supplied 
again into the reactor without any concerns about gaseous reaction. Therefore, during 

15 purge gas supply in the gas supply cycle, the plasma power supply is switched in the 
order of off, on, and off, thereby is equivalent of supplying a purge gas, a reactant gas 
and a purge gas, respectively. Also, the concentration of the activated species 
decreases very rapidly after the plasma power is turned off, so supply time of the 
purge gas can be rninimized after the plasma power is off. In this kind of gas supply 

20 cycle, the gas-supply cycle consists of turn-on and turn-off of plasma generator 
instead of the supply of different gases. This method permits the time-divisional 
chemical vapor deposition with only two kinds of gases, so the gas supplying part of 
an apparatus can be simple and the cycle time of gas supply can be reduced. 
Furthermore, the deposition gas and the purge gas do not react with each other even if 

25 mixed, so there is no concerns about the particle contamination in the exhausting part. 

Both of the foregoing two embodiments can be employed for the deposition 
of TiN film which is used for diffusion barrier as well as adhesive and anti-reflectory 
coatings. 

Using the first embodiment, a TiN film may be formed by repeating the 
30 cycle of the supply of Ti-organic source for a deposition gas, ammonia gas for a 
reactant gas, and nitrogen gas for a purge gas, in which plasma is generated when the 
reactant gas is supplied. 

n 
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When employing the second embodiment, Ti-organic source is used for a 
deposition gas, nitrogen gas for a purge gas, respectively, in which the plasma 
generator is powered on thereby causing the absorbed deposition gas to react with 
nitrogen gas after the deposition gas is removed by nitrogen gas. A TiN film may be 
5 formed by repeating the cycle including these steps. In this case, the nitrogen purge 
gas never reacts with the deposition gas when the plasma power supply is off so that 
particle is not generated at all. 

As described above, in order to properly realize the method of the present 
invention in which the supplies of reactant gases should be rapidly switched, it will be 
1 0 appreciated that the reactor of the present invention v having the gas flow control plate, 
is very useful. 

INDUSTRIAL APPLICABILITY 

As described above, according to the reactor of the present invention, 
15 deposition rate can be enhanced due to high speed switching of gas supplies in a 
chemical deposition process in which reactant gases are discontinuously or 
sequentially supplied to a substrate. 

In addition, since the supply and exhaust of reactant gases are performed 
over a semiconductor substrate, the footprint of a chemical deposition apparatus in a 
20 semiconductor clean room can be reduced, reducing the maintenance fee of the 
apparatus. 

In addition, a film is not formed on a circumference of semiconductor 
substrate, preventing particle contamination problem in consecutive processes. 

Moreover, the reactor can be easily cleaned and reactant gases can be easily 
25 activated by plasma generation. 

According to the method of the present invention, a film can be formed 
effectively even if reactants do not react readily in a ume-divisional source supply 
chemical vapor deposition method. 

In addition, supply time of a purge gas in a gas-supplying cycle can be 
30 minimized to reduce cycle time in a time-divisional source supply chemical vapor 
deposition, reducing the overall process time. 

In addition, particle contamination of the apparatus at the exhausting part of 
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5 

an apparatus for time-divisional source supply chemical vapor deposition can be 
reduced. 
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WHAT IS CLAIMED IS: 

1 . A reactor of a chemical deposition apparatus, said reactor comprising: 

a reactor cover, having an inlet and an outlet for reactant gases, for keeping 
the reactant gases from other part of the reactor where the pressure is lower than 
5 inside of the reactor; 

a gas flow control plate having a projecting portion, with the projecting 
portion fixed onto the reactor cover, for controlling the gas flow through inlet and 
outlet by the spacing between itself and the reactor cover; and 

a substrate supporting plate contacting with the reactor cover in order to 
10 confine a reaction cell with the reactor cover. 

2. The reactor of claim 1, further comprising a leakage-preventing gas 
passage, disposed along the contact portion between the reactor cover and the 
substrate supporting plate, for preventing leakage of reactant gases from the reaction 
cell. 

15 3. The reactor of claim 1, wherein the opposing surfaces of the gas flow 

control plate and the reactor cover are substantially parallel with each other except for 
the projecting portion. 

4. The reactor of claim 1, wherein the reactor cover further comprises 
protrusion means covering the circumference of the substrate so that the reactant 

20 gases may not contact with the circumference of the substrate. 

5. The reactor of claim 1, further comprising a cover heater for controlling 
the temperature of the reactor cover. 

6. The reactor of claim 1 , wherein a plasma electrode is disposed on the 
reactor cover in order to activate the reactant gases in the reaction cell. 

25 7. The reactor of claim 1, wherein a plasma electrode is disposed on the gas 

flow control plate in order to activate the reactant gases in the reaction cell. 

8. A method of forming a thin film using a reactor of a chemical deposition 
apparatus comprising: a reactor cover, having an inlet and an outlet for reactant gases, 
for keeping the reactant gases from other part of the reactor where the pressure is 

30 lower than inside of the reactor, a gas flow control plate having a projecting portion, 
with its protrusion fixed onto the reactor cover, for controlling the gas flow through 
inlet and outlet by the spacing between itself and the reactor cover; a substrate 
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supporting plate contacting with the reactor cover in order to confine a reaction cell 
with the reactor cover, and a plasma electrode disposed on the reactor cover or the gas 
flow control plate in order to activate the reactant gases in the reaction cell, 

said method comprising the steps of: 
5 placing a substrate within the reactor; 

preparing process gases including a deposition gas which forms a film when 
thermally decomposed but does not decompose thermally at the process temperature, 
a reactant gas which does not thermally decompose spontaneously at the process 
temperature or does not form a film upon thermal self-decomposition, and a purge gas 
10 for preventing chemical reaction between the deposition gas and the reactant gas; and 

supplying the process gases into the reactor by repeating a cycle of 
time-divisional combination of the deposition gas, reactant gas and purge gas, 
wherein plasma is generated on the substrate synchronously with at least one supply 
of the process gases in the cycle. 
15 9. The method of claim 8, wherein plasma is generated synchronously with 

the supply of the reactant gases. 

10. The method of claim 8, wherein the purge gas contains constituent 
elements of the film material and the reactant gas contains other constituent elements 
of the film material, respectively; wherein the purge gas does not react substantially 

20 with the reactant gas; and wherein the plasma is generated synchronously with the 
supply of the purge gas. 

1 1. The method of claim 8, further comprising the step of heat-treating the 
thin film after the thin film formation. 

12. A method of forming a thin film using a reactor of a chemical deposition 
25 apparatus comprising: a reactor cover, having an inlet and an outlet for reactant gases, 

for keeping the reactant gases from other part of the reactor where the pressure is 
lower than inside of the reactor; a gas flow control plate having a projecting portion, 
with its protrusion fixed onto the reactor cover, for controlling the gas flow through 
inlet and outlet by the spacing between itself and the reactor cover; a substrate 
30 supporting plate contacting with the reactor cover in order to confine a reaction cell 
with the reactor cover, and a plasma electrode disposed on the reactor cover or the gas 
flow control plate in order to activate the reactant gases in the reaction cell, 
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said method comprising the steps of: 
placing a substrate within the reactor, 

preparing process gases including a deposition gas which forms a film when 
thermally decomposed but does not decompose thermally at the process temperature, 
5 a purge gas for exhausting the deposition gas from the reactor, wherein the purge gas 
contains constituent elements of the film material and substantially does not react 
with the deposition gas in non-activated state; and , 

supplying the process gases into the reactor by repeating a cycle of 
time-divisional combination of the deposition gas and purge gas in order to make the 
10 deposition gas react with the purge gas, wherein plasma is generated on the substrate 
synchronously with at least one supply of the purge gas in the cycle. 

13. The method of claim 12, further comprising the step of heat-treating the 
thin film after the thin film formation. 
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